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(57) ABSTRACT

The invention relates to a starter device (10) for cranking an
internal combustion machine in a vehicle, having a pinion
shaft (202) comprising a cranking pinion (22) at the front end
and a pinion shaft (204) at the opposite end, slidingly guided
and supported on a drive shaft (44) of the starter device (10)
and received in a bearing by a bearing shell (210) of the starter
device (10), characterized in that the cranking pinion (22) has
a solid lubricant coating (216) at least in the area of the
circumferential toothing (143).

11 Claims, 2 Drawing Sheets

214 204
/ (
B X
20—
216~ A L
/
) 206
202

22



US 9,157,408 B2

Sheet 1 of 2

Oct. 13, 2015

U.S. Patent

€L ¥¢ 1€ ¢ 6y 98 68 ¢6 €Ll L6l
b \ 8C | LS |0 | 9Y | €8(108/G6)0LL|VOL[ LEI Ge
LA A W pooz  LEb
‘\_ r _::::. {
= e e o ST ¢l 911
0L 255 SN RN S RN g1, e
Z6 = 5§ A E p2z/A mm T 0
.vw ,\j:“ _;:““:.__,:“,“wa\.ﬁw%“ 4 .I....._\H n _|| j {
I b —
= S 8l alfl — .
e e _ﬁ.|.J| #A@ —selse—
[ ===——n == POV i% —) \«
fs L L “ 7
g J \ r4A)
ss”, / . 7
A _ Y \ \
e ol 8EL |22\
e = €6l £vl 6}
o 181 m . - 10}
— _ \ _ 86
o VLl 061
W s 18
NN NS 7 x l m_n_

\ _ [
05 cch| el [ 95| 201 | 80h | ec)
081 LIl 91 L0

174’



U.S. Patent Oct. 13, 2015 Sheet 2 of 2 US 9,157,408 B2
220 202
/
S—e
206 [\
216 N <0204
[ 207
\ 74
212— Mg ﬂ 44
211—'3\ W ~IT-208
A )
27 / E Q?Lm
143 IH’M
209 ‘(
101~ 210
Fig. 2
143 216 214 204
/ (
o X
220
216\ ]
) 206 N\
202

22

Fig. 3



US 9,157,408 B2

1
NOISE-OPTIMIZED STARTER DEVICE

BACKGROUND OF THE INVENTION

The increasing use of start-stop systems in motor vehicles
requires an expanded demand on the starting system and
thereby also requires a functionality to enhance starter
devices used to date. More stringent acoustic requirements
are, e.g., to be mentioned in this regard as well as the need for
the engine to be able to start again when a starting request of
the driver is signaled (“change of mind function”). Especially
when the internal combustion engine is coming to a stop, this
restarting of the engine is not possible using the classic prin-
ciple of starters used to date.

The German patent publication DE 101 24 506 A1 relates
to a starter for a motor vehicle. The starter comprises a hous-
ing, an engaging relay disposed parallel thereto and contain-
ing a solenoid switch, and an engagement lever rotatably
mounted in a transition area between the hollow housing and
the engaging relay for coupling the starter motor to the inter-
nal combustion machine. A seal is provided to prevent con-
taminants and moisture from penetrating into the engaging
relay. The seal is formed by a rubber membrane within the
transition area between the housing and said engaging relay.

The German patent publication DE 10 2009 026 593.7
relates to a method for mechanically synchronizing two rotat-
ing, axially offset spur gears as well as to a machine, in
particular an electrical starter device. Said starter device com-
prises a spur gear, particularly configured as a cranking pin-
ion, which interacts with a driving plate disposed on an axial
side of the spur gear. Said axial side faces away from a lifting
means of the spur gear, the driving plate being restricted in
rotation relative to the spur gear, whereby tooth gaps of the
spur gear are closed.

Whereas starter devices in motor vehicles used to date
perform approximately 40,000 startups and run through the
operating cycles required in doing so, the requirement exists
with current start-stop modes (SSM functionality) for the
internal combustion machine to be able to be turned off in
order to save fuel during extended waiting times, hence, e.g.,
at closed railway intersections, at lengthy red lights or in
traffic jams. This is made increasingly possible in current
motor vehicles due to the SSM functionality. This means a
considerably increased actuating frequency for the starter
devices used to date for starting the internal combustion
engine, and therefore said starter devices must be designed
such that up to a half million or more startups of the internal
combustion engine are ensured. Firstly high demands are thus
place on the service life and reliability of said starter devices;
and secondly in light of such a high number startups, the
demand increases for a minimization of the accompanying
noise. It has been established that the starter device represents
aconsiderable source of noise which is no longer tolerated by
the passengers and automobile manufacturers of luxury pas-
senger cars, in which said starter devices are used.

Normally the startup of an internal combustion machine is
introduced in such a way that the internal combustion
machine is turned over such that a compression of a suitable
gas-air mixture is thereby generated; thus enabling said
machine to run independently after the mixture has been
ignited. To meet this end, electrically driven starter devices
are normally used, the pinions of which are guided into the
starter ring gear of the internal combustion machine and drive
said ring gear. In so doing, it is possible that the pinion does
not optimally engage in the ring gear. On the contrary, the
pinion toothing does not engage in a gap between two teeth of
the ring gear but said toothing strikes tooth on tooth and thus
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prevents engagement. Borderline cases can occur somewhere
in between meshing and striking tooth on tooth, where, e.g.,
the tooth strikes only with half a side on the toothing of the
ring gear. The noise emission is considerable when the tooth-
ings do not engage with each other properly.

The Japanese patent application JP 04 168 947 relates to a
starter device. According to this solution, a component is
provided with a solid lubricant to prevent adhesive wear and
to dampen noise occurring during metal contact, said solid
lubricant being applied to the pinion toothing.

SUMMARY OF THE INVENTION

Pursuant to the proposed solution according to the inven-
tion, a functional improvement with regard to the engagement
of the cranking pinion with the ring gear of the internal
combustion machine is achieved with as little as possible
additional effort, i.e without constructive changes on existing
systems needing to be performed. Due to reduced friction, the
noise occurring during engagement is at least reduced if not
completely suppressed by a dry lubrication being used to
reduce the friction. In an advantageous embodiment variant to
the thought underlying the invention, the pinion to be engaged
into the ring gear of the internal combustion engine is pro-
vided with a solid lubricant coating within the toothing,
which as a rule relates to an external helical toothing, as well
as on the end face thereof. The solid lubricant coating is
bonded to the surface of the engagement pinion by means of
a suitable bonding system, as, e.g., polyamide-imide, epoxy
and the like. Materials which can be used as solid lubricants
are those which can withstand specifically high contact pres-
sures as they occur within involute tooth flanks having rolling
contact with one another, as, e.g., MoS, and graphite. [f need
be, an additive as, e.g., PTFE, which reduces the static fric-
tion, can be added to the aforementioned solid lubricants. The
solid lubricants are preferably applied within the framework
of an antifriction coating, which in fact is worn down in the
course of the operating time, whereby however ideally
smooth, well broken in surfaces emerge. By means of this
solution, particularly an adhesive wear, which otherwise
would ruin the surfaces, can be prevented.

The possibility alternatively exists for the ring gear of the
internal combustion engine to also be provided with a solid
lubricant.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is explained below in more detail with the
aid of the drawings.

In the drawings:

FIG. 1 shows a sectional view of an electric machine, in
particular a starter device including solenoid switch, cranking
pinion and engagement apparatus,

FIG. 2 shows a schematic cross sectional view of a pinion
shaft mounted on a drive shaft in a first embodiment variant
and

FIG. 3 shows a schematic cross sectional view of a pinion
shaft according to a second embodiment.

DETAILED DESCRIPTION

FIG. 1 shows a starter device in longitudinal sectional view.
A starter device 10 is provided with a cranking pinion, which
is still surrounded by a part of the housing of the starter
device. The following embodiments also apply to a free-
ejecting starter device, i.e for a starter device, in which the
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cranking pinion is completely exposed on its circumference
after actuation of the engaging relay.

The starter device 10 depicted in FIG. 1 comprises, for
example, a starter motor 13 and an engaging relay 16. The
starter motor 13 and the engaging relay 16 are mounted on a
common drive-end bracket 19. Said starter motor 13 is
designed to drive a cranking pinion 22 when said pinion is
engaged in the ring gear of the internal combustion machine
which is not depicted here.

The starter motor 13 comprises a pole tube 28 as housing,
which carries pole shoes 31 on the inner circumference
thereof, said pole shoes being in each case wound with a field
winding 34. The pole shoes 31 surround in turn an armature
37, which has a laminated armature core 43 composed of
laminations 40 and an armature winding 49 arranged in
grooves 46. The laminated armature core 43 is pressed on a
drive shaft 44. A commutator 52, which among other things is
composed of individual commutator laminations 55, is fur-
thermore mounted on the end of the drive shaft 44 facing
away from the cranking pinion 22. The commutator lamina-
tions 55 are electrically connected to the armature winding in
a known manner such that when current is applied to said
commutator laminations 55 via carbon brushes 58, a rotary
motion of the armature 37 results in the pole tube 38. In
closed-circuit condition, a power supply 61 disposed between
the engaging relay 16 and the starter motor 13 provides the
carbon brushes 58 as well as the field winding 34 with current.
The drive shaft 44 is supported on the commutator side using
a shaft extension 64 in a journal bearing 67, which is in turn
fixedly held in a commutator bearing cover 70. The commu-
tator bearing cover 70 is in turn mounted in the drive-end
bracket 19 by means of tension rods 43 (screws, as, e.g., two,
three or four in number), which are disposed distributed about
the circumference of the pole tube 28. In this instance, the
pole tube 28 is supported on the drive end bracket 19 and the
commutator bearing cover 70 on the pole tube 28.

A sun wheel 80 adjoins the armature 37 as seen in the drive
direction and is part of a planetary gear 83. The sun gear 80 is
surrounded by several planet wheels 86, usually three planet
wheels 86, which are supported on axle journals 92 using
roller bearings 89. The planet wheels 86 ride on aring gear 95,
which is supported on the outside in the pole tube 28. A planet
carrier 98, in which axle journals 92 are accommodated,
adjoins the planet wheels 86 in the direction towards the drive
side. The planet carrier 98, in turn, is supported in an inter-
mediate bearing 101 and a journal bearing 104 situated in the
latter. The intermediate bearing 101 is designed to be cup-
shaped in such a way that both planet carrier and planet
wheels 86 are accommodated therein. Furthermore, the ring
gear 95 is disposed in the cup-shaped intermediate bearing
101, said ring gear being ultimately closed oft by a cover 107
across from the armature 37. The intermediate bearing 101 is
also supported by the outer circumference thereof on the
inside of the pole tube 28. At the end of the drive shaft 44
facing away from the commutator 52, the armature 37 has an
additional shaft extension 110 that is also accommodated in a
journal bearing 113. The journal bearing 113 is accommo-
dated in a central bore of the planet carrier 98. Said planet
carrier 98 is connected as one piece to the driven shaft 116.
Said driven shaft 116 is supported at the end thereof facing
away from the intermediate bearing 101 in an additional
bearing 122 of the drive side bearing (A-bearing). Said driven
shaft 116 is subdivided into different sections: Thus the sec-
tion that is situated in the journal bearing 104 of the interme-
diate bearing 101 is followed by a section having straight-
tooth bevels 125 (internal toothing), which is part of a shaft-
driving collar connection. This shaft-driving collar
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connection 128, in this case, enables the axially straight-line
sliding of a driver 131. The driver 131 is a sleeve-like exten-
sion, which is made in one piece with a cup-shaped outer ring
132 of the free-wheel 137. The free-wheel 137, which, e.g.,
can be designed as a directional locking mechanism, further
comprises aninner ring 140, which is disposed radially within
the outer ring 132. Clamping bodies 138 are disposed
between the inner ring 140 and the outer ring 132. The clamp-
ing bodies 138, in cooperation with the inner ring and the
outer ring, prevent the relative rotation between the outer ring
and the inner ring in a second direction. The free wheel 137
therefore enables a relative motion between the inner ring 140
and the outer ring 132 in only one direction. In this exemplary
embodiment, the inner ring 140 is embodied as one piece with
the cranking pinion 22 and the helical gear 143 thereof, which
is designed as an outer helical gear.

For the sake of completeness, the engaging mechanism is
examined below. The engaging relay 16 has a bolt 150 which
is an electrical contact and which is connected to the positive
pole of an electric starter battery, which is not shown here.
The bolt 150 is guided through a relay cover 153. The relay
cover 153 closes off a relay housing 156, which is fastened to
the drive-end bracket 19 using several fastening elements
159, e.g. screws. A pull-in winding 162 and a hold-in winding
165 are furthermore disposed in the engaging relay 16. The
pull-in winding 162 and the hold-in winding each act to form
an electromagnetic field in the switched-on state, which flows
through the relay housing 156 (made of electromagnetically
conductive material), through a linearly movable armature
168 and an armature magnetic yoke 171. The armature 168
carries a push rod 174, which, when the armature is linearly
drawn in, is moved in the direction of a switching bolt 177.
With this motion of the push rod 174 to the switching bolt
177, the latter is moved from the rest position thereof in the
direction towards two contacts 180, 181, so that a contact
bridge 184 mounted at the end of the switching bolt 177
oriented towards the contacts 180 and 181 electrically con-
nects the two contacts 180 and 181 to one another. In so doing,
electric power is conveyed from the bolt 150, past the contact
bridge 184, to the electric power supply 61 and thereby to the
carbon brushes 58. The starter motor 13 is thereby supplied
with current.

The engaging relay 16 or respectively the armature 168 in
addition also has the task of moving a lever disposed in a
rotationally movable manner at the drive-end bracket 19
using a pulling element 187. The lever 190, usually designed
as a fork lever, encompasses two disks 193, 194 using two
unspecified “prongs” at the outer circumference thereof in
order to move a driving collar 197 clamped between said two
disks towards the free-wheel 137 against the resistance of the
spring 200, and thereby to engage the cranking pinion 22 with
the ring gear 25 of the internal combustion engine, which is
not shown in FIG. 1.

A section in an enlarged cross section of a starter device 10
for cranking an internal combustion engine in a motor vehicle
can be seen in the depiction pursuant to FIG. 2.

The starter device 10 is of the type of a free-ejecting starter
having a pinion shaft mounted on one side, on which a crank-
ing pinion 22 is configured, which is engaged with a ring gear
by means of a relay in order to start an internal combustion
engine and is again disengaged from the ring gear after the
internal combustion engine has run up.

The pinion shaft 202 is rotatably mounted on a drive shaft
of the starter device 10 in order to allow for a relative rota-
tional speed, which occurs when the internal combustion
machine runs up and a higher rotational speed is achieved at
the ring gear than the starter has specified via the drive shaft
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44. This relative rotational speed has a very short operating
time in the starting cycle, in particular in modern vehicles
having a start button the operating time is definitely short-
ened, because a starting time controller takes the cranking
pinion 22 out of engagement with the ring gear after the
startup of the internal combustion machine.

The pinion shaft 202 comprises a first bearing section 206
and a second bearing section 207. The first bearing section is
an outer section, which lies closest to the cranking pinion 22,
whereas the second bearing section 207 is an inner section
comprising a bearing bushing 208 which is manufactured
from a soft material as, for example, a sintered bronze mate-
rial. The bearing bushing 208 is surrounded by a lubricant or
respectively saturated with a lubricant in order to improve the
sliding properties and for protection against corrosion as well
as for noise reduction. The bearing bushing 208 can also have
a lubricant depot in the form of a circumferential groove, a
so-called pocket. In order to bridge a large inside diameter of
the pinion shaft 202, the bearing bushing 208 in this embodi-
ment is designed preferably thick as viewed in cross section
and having a large wall material thickness.

The pinion shaft 202 is directly supported on the first
bearing section 206 without a sinter bushing or an interme-
diary roller bearing on the drive shaft 44. Hence, a hard-hard
mounting is present because the hard material of the pinion
shaft 202 is supported on the hard material of the drive shaft.
Such a mounting is sufficient because the service life is in
total very short with respect to conventional roller bearings of
several thousand hours and mountings in a bushing. The total
service life of the hard-hard mounting amounts to typically 10
to 12 hours when viewed over the service life of the starter
device 10. This operating time accrues when a relative rota-
tional speed occurs between the pinion shaft 202 and the drive
shaft 44.

The pinion shaft 202 is received by a roller bearing 209,
which is inserted into a bearing shell 210 of the starter device
10. In order to protect the hard-hard mounting from environ-
mental influences such as dust, moisture and abrasion, a seal-
ing cap 212 on the end face of the cranking pinion 22 totally
closes off the mounting. The axial engaging movement of
said cranking pinion 22 is limited by a pinion stop 211 on the
drive shaft 44. The pinion stop 211 comprises a stop ring and
acirclip. The pinion shaft 202 is operatively connected to the
drive shaft 44 by means of a freewheeling clutch 213, and
therefore said cranking pinion 211 can be driven with a torque
from said drive shaft 44 and a relative rotational speed having
a higher rotational speed of said cranking pinion can be
implemented in the overrun case during run up of the internal
combustion engine.

Bearing surfaces at the first bearing section 206 of the drive
shaft 44 and/or the pinion shaft 202 are specially hardened in
an advantageous manner. Said bearing surfaces have an anti-
friction coating. For manufacturing reasons, the diameter
over the length of the bearing sections 206, 207, on which the
cranking pinion 22 with a pinion shaft is supported, is sub-
stantially constant. The inside diameter of the pinion shaft
204 is configured with a considerably larger inside diameter
in the area of the second bearing section 207 including the
bearing bushing 208 up to the first bearing section 206 than
the bore from the end face on the cranking pinion 22 up to said
first bearing section 206. In so doing, a pinion shaft 202
results having a significant reduction in weight due to thinner
wall thicknesses, which contributes to a conservation in the
use of materials with respect to a pinion shaft according to
prior art.

In an advantageous manner, a starter device 10 designed to
be free-ejecting is therefore very easy to assemble. Merely a
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wide, thick bearing bushing 208 is inserted at an end face,
which lies opposite to the cranking pinion 22, and subse-
quently the pinion shaft 204 including at least one bearing
section is pushed directly on to the drive shaft 44 in a sup-
porting manner.

An enlarged section within the cross section of a pinion
shaft 202 in a particularly preferred embodiment can be seen
in the depiction pursuant to FIG. 3.

FIG. 3 shows the section comprising the cranking pinion
22 in the area around the first bearing section 206. According
to a particularly preferred embodiment, the bearing section
206 of the pinion shaft 202 has a circumferential lubrication
groove 214. The circumferentially configured lubrication
groove 214 serves as a lubrication depot in order to provide
the bearing section 206 with sufficient lubricant during the
entire service life thereof. Said first bearing section 206 is
configured in front of the cranking pinion 22 on the pinion
shaft 204.

The cranking pinion 22 depicted in FIGS. 2 and 3 is char-
acterized in that a solid lubricant coating 216 is configured in
the helical toothing thereof, which is designed as external
helical toothing, along the entire circumference. The bonding
of the solid lubricant coating 216 to the surface, i.e. an end
face 218 of the cranking pinion 22 or respectively to the tooth
flanks of the external toothing 143 takes place via a suitable
bonding system as, e.g., polyamide-imide and epoxy. The
precondition for a good coating adhesion is a surface treat-
ment suited to the solid lubricant coating 216 for the respec-
tive solid lubricant coating as, for example, phosphortizing
and sand blasting and if need be a thermal method as, for
example, burn-in, which serve to improve the coating prop-
erties.

The solid lubricant coating (216) comprises particularly a
lubricant which withstands high specific contact pressures as,
e.g., MoS, and graphite. Very high contact pressures extend-
ing in the form of a contact ellipse occur in involute toothings
of'the helical gearings 143. If need be, the material of the solid
lubricant coating 216 can be enhanced by materials which
particularly reduce static friction as, e.g., polytetrafluoroeth-
ylene (PTFE). An antifriction coating, in the framework of
which the solid lubricant coating 216 can be applied, will
indeed wear down during the course of use; however, a sur-
face that has been very smoothly broken in emerges, and
therefore particularly adhesive wear, which damages the sur-
faces, can be prevented.

In a further development of the idea underlying the inven-
tion, the ring gear 25 of the internal combustion engine, which
is indicated in the longitudinal section pursuant to FIG. 1,
could also be coated with a solid lubricant coating 216.

What is claimed is:

1. A starter device (10) for cranking an internal combustion
machine in a vehicle, the device including a pinion shaft (202)
comprising a cranking pinion (22) at a front end, wherein the
pinion shatt (202)is slidingly guided and supported on a drive
shaft (44) of the starter device (10) and received in a bearing
by a bearing shell (210) of the starter device (10), character-
ized in that the cranking pinion (22) has a toothing (143) and
an end face (218), and a solid lubricant coating (216) is bound
to at least portions of both the toothing (143) and the end face
(218), wherein the solid lubricant coating (216) is bound to
the toothing (143) and the end face (218) via a bonding
system between the solid lubricant coating (216) and the
portions of the toothing (143) and end face (218).

2. The starter device (10) according to claim 1, character-
ized in that the toothing (143) is an external helical toothing
(143) of the cranking pinion (22).
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3. The starter device (10) according to claim 2, character-
ized in that flanks of the external helical toothing (143) of the
cranking pinion (22) are provided with the solid lubricant
coating (216).

4. The starter device (10) according to claim 1, character- 5
ized in that the end face (218) is an end face of the cranking
pinion (22) opposite to a ring gear (25) of the internal com-
bustion machine.

5. The starter device (10) according to claim 4, character-
ized in that the ring gear (25) of the internal combustion 10
machine is provided with a solid lubricant coating (216).

6. The starter device (10) according to claim 4, character-
ized in that the ring gear (25) of the internal combustion
machine and the entire cranking pinion (22) are provided with
a solid lubricant coating (216). 15

7. The starter device (10) according to claim 1, character-
ized in that the solid lubricant coating (216) is manufactured
from MoS, and withstands contact pressures extending in the
form of a contact ellipse.

8. The starter device (10) according to claim 1, character- 20
ized in that the solid lubricant coating (216) contains addi-
tives which reduce static friction.

9. The starter device (10) according to claim 1, character-
ized in that the solid lubricant coating (216) is manufactured
from graphite and withstands contact pressures extending in 25
the form of a contact ellipse.

10. The starter device (10) according to claim 1, character-
ized in that the solid lubricant coating (216) is manufactured
from MoS, and graphite and withstands contact pressures
extending in the form of a contact ellipse. 30

11. The starter device (10) according to claim 1, character-
ized in that the solid lubricant coating (216) contains PTFE.
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